The spiky response is composed of many spikes, the peak time of the response is shorter than that of cortical surface response.
The right column (C) also shows the depth records, in this example there are no typical spiky response, but the type of the response at the depth of 0.75mm from surface was common in all experiments.
At that depth the spike responding the surface stimulation was not so grouped as that seen at more superficial layer and rather dispersed. Electrical stimulation of 0 .1msec duration and various strengths were applied bifocally at the surface of the cerebral cortex and the response was recorded at 2mm from the stimulating site . The response is usually monophasic in unanesthetized state . When Nembutal (25 mg/kg) was injected, the response increased in amplitu de and the shape became biphasic (negative-positive) . In the left column of FIG. 3 the sample is illustrated.
In this case Nembutal was injected intravenously . The change in the response occurred rapidly , within a few seconds, but as the right column of FIG. 3 shows, with the intramuscular injection the change occurred more slowly, while the change in the response was the same . The peak time becomes shorter with time after the injection and the amplitude of the response has the tendency to increase.
In this state the average amplitude of EEG also increased and the frequency was lower than that of control state . The depth records were examined in both state before and during Numbutal anesthesia, but it seemed that there was no remarkable difference between the both series of experiments , while the estimation of the exact depth from the cortical surface was very difficult . FIG. 4 . This unit has a very intimate relation to cortical surface potential change (EEG). Upper two figures were recorded from the same unit but at different times . Upper traces in A and B are EEG and lower traces unit discharges.
In C the same record illustrated in A are reversed, here the relation between EEG and unit discharge can be more clearly seen, as if the change in surface potential were the change in membrane potential of the unit . Horizontal bar:100msec, vertical bar 10mV. these units and EEG could not be examined. During the recording the unit discharges and EEG, Nembutal (25mg/kg) was injected intravenously.
In the later experiments, to avoid the movement caused by the mechanical act of injection, Nembutal was injected into thorax cavity.
When the surface of cerebral cortex was electrically stimulated, surface negative cortical response and unit discharges were recorded simultaneously.
The latency of the spike evoked by surface stimulation had different values by units, but most frequently was ranged from 3 to 5msec.
The stronger the stimulating current, as FIG. 7 shows, the number of spikes , responding within 10msec remained constant or slightly decreased, while the surface negative response showed the marked change in form and duration as is seen in FIG. 3 . The spikes firing after a relatively long period from stimulation decreased in number.
4. Intracellular recording of neurons in the cerebral cortex. With Nembutal injection the cortical response increases in amplitude, this increase should be explained by increase in primary responding units, or increase in depolarization of post synaptic neuron. And if in post synaptic membrane much greater depolarization were evoked, the post synaptic neuron should respond with a much larger number of spikes; but in fact, there was no increase in the number of spikes, but rather a slight tendency to decrease.
If with Nembutal anesthesia the resting potential would be fixed in deeper hyperpolarized level, the neuron could not fire, even if much greater depolarization were induced in the synapse of the neuron; alternatively if firing level would be elevated, injected and the change in the firing level was checked.
The firing level of neurons remained constant throughout all the experiments except one experiment.
In FIG. 9 the firing level is plotted against time. The firing level was measured as the potential difference between the most hyperpolarized membrane potential and the potential where a spike fired, because the resting membrane potential always fluctuated, while the most hyperpolarized membrane potential is determined with concentration ratios of K+ ions outside and inside, and of Cl-ions inside and outside (COOMBS et al 1957 , ARAKI et al 1961 , then it seems that the most hyperpolarized potential might be constant. In the case showing shift of firing level with time towards the depolarization the duration of the action potential gradually increased and the resting potential decreased, finally the shape of action potential became so irregular that the response could no longer be remarked as an action potential.
The responses of these neurons also could be evoked by an outward current applied through the same intracellular electrode by bridge circuit with graded nature. This small waves superpositioned on the hyperpolarization. This example is illustrated in FIG. 11 . These findings show that the neuron which changed in the firing level suffered from deterioration and lost the normal membrane property by the insertion of the microelectrode, while the firing level of normal neurons did not change during Nembutal anesthesia.
DISCUSSION
The evoked response induced by surface stimulation changed in form and in amplitude when the animal was anesthetized with Nembutal.
The changes in evoked potential and EEG had been studied precisely by HIRAO (1962) . CASPERS (1959) explained the change of surface negative cortical response by the DC level at the cerebral cortical surface.
The similar explanation was made by GOLDLING et al (1958 GOLDLING et al ( , 1961 . The relation between both DC level and evoked potential became clear, but the mechanism of the change in form and amplitude of the response is not sufficiently investigated.
It is very difficult to analyse the mechanism coupling the potential change at the surface and the activity of individual neurons, because the neuron examined by the microelectrode technique is only one element among a very large number of elements composing EEG. The relation between evoked potential and the unit discharge responding to the same stimulation simultaneously, should be made somewhat easier to study.
From findings in depth records it is reasonable to conclude that the sur, face negative cortical response distributes at the most superficial layer, and at a depth deeper than 0.4mm from the surface the spikes evoked by surface stimulation occupy the greater part of the response at that depth, and when the strength is increased the surface response increases in amplitude and the individual unit responds with an increase in depolarization and in number of spikes.
Furthermore, among the spontaneous firing neurons in the cortex there is a sort of neuron which fires with very intimate relation to EEG. These findings suggested that the cortical surface response has some relation to the depolarization in individual neurons responding to the surface stimulation. This observation corresponds with that examined by Li (1961) and SAWA et al (1963) . The factors involved in increasing the size of depolarization at cortical surface should be as follows:increase in amplitude of EPSP, increase in the number of incoming impulses, decrease in hyperpolarizing factors, and as a presynaptic event increase in presynaptic inhibition (ECCLES 1964) . The increase in amplitude of EPSP results from hyperpolarization of resting membrane potential of postsynaptic neurons.
The resting membrane potential defined as clearly as that in the motoneuron could not be determined in the neurons in the cortex, for, the membrane potential always fluctuated and the neuron fired when the membrane potential reached a certain level. This means that there are no concrete resting potentials similar to what we refer to in the periphery nerve. Therefore, the resting potential can not be discussed as an increasing factor of the cortical surface response.
The number of impulses were examined with extracellular electrode on both the spontaneous firing units and evoked units, with Nembutal anesthesia there was no increase in number of responding units, but a slight tendency to decrease was remarked, especially, units responding later (more than about 10msec from stimulation) were depressed.
Spontaneous firing of neurons usually was depressed during long periods after the surface stimulation by long lasting IPSP whose duration altered with the strength of stimulation at the surface. By Nembutal injection there were no changes in the duration of IPSP. The absolute value of hyperpolarization from resting potential for the abovementioned reason cannot be discussed either.
If the cortical surface response would be a sum of the electric field of the PSPs in the volume conductor, it should be expected that the more negative the surface response, the greater the EPSP, and as a result the number of spikes should increase if firing level of the neuron were constant during Nembutal anesthesia, but in reality the increase in number of spikes was not detected.
But if the increase in the amplitude of the cortical response should come from the increase of presynaptic inhibition, the situation would be altered, and we could expect that the increase in depolarization in a presynaptic neuron would result in the decrease in number of action potential of postsynaptic neuron. Alter--natively , if the firing level would become elevated or would shift to the depolarization side, the decrease in number of spikes should be expected even if the EPSP were more greater in the cell. From this speculation, the firing level was examined during Nembutal anesthesia, and there were no remarkable changes. But, a very important thing was remarked, that the site where the tip of microelectrode was positioned played the most important role in firing the cell. This means that the site is near the spike initiating site. Neurons in the cortex have a long dendrite with many branches, and the greater part of the wall of such a structure is covered with many synapses (WYCKOFF& YOUNG 1956) . If the site where microelectrode was positioned is far from the firing point, the EPSP evoked at the point more intimate to the firing point would have more influence upon firing the cell than that evoked at the site where the microelectrode is positioned, and the cell should fire before the potential, recorded by the microelectrode, reaches the certain level. As a result, the site where the tip of microelectrode was positioned would not have a finite firing level.
This comes from the fact that the potential deviation necessary to fire the cell is variable with the length from the spike initiating point; and while the membrane potential in a neuron having long dendrite extending into many branches is not always the same at any point, but the site where EPSP is evoked is most depolarized at that moment and in proportion to the distance from the point the amplitude of depolarization diminishes. The most depolarized site or any information receiving point moves along the dendrite or soma with time, because, on the dendrite many synapses are formed and information is received on these synapses. The membrane potential change broken out at any point spreads into the neuron electrotonically along the axis of dendrite, and the membrane potential change distribution at any moment can not be estimated by one microelectrode inserted at the point near the firing point, because the microelectrode can catch only the potential change at that place where the tip of the microelectrode is positioned.
The firing level at the firing point or initial segment is lowest, then the potential change necessary to fire the cell is lowest at that point, and in the soma the value would be nearly equal to that at the initial segment, for the diameter of soma is relatively larger than that of dendrite or axon and the form is approximately spherical, but in dendrite the value necessary to bring the membrane potential at the initial segment to firing level should be greater, and it is expected that the value is variable with the distance from the initial segment.
The electrotonic spread in the motoneuron having dendrites was mathematically analysed by RALL (1959) . From a similar procedure the relation between the value in dendrite necessary to fire the cell and the distance from the initial segment is derived in the steady state. In the dendritic trunk the value necessary to bring the membrane potential at initial segment to firing level is 
The solution of equation (5) In the branch supplying the current, the electrotonic spread is from equation
The current flowing out of the dendritic branch 1 is obtained by differentiating this equation with respect to x and substituting the equation (1) 
